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Abstract 
Objective 

To obtain a ceramic composite powder having an electrical function, a mechanical 
function, a magnetic function and other multiple functions in combination. 
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Constitution 

A metal alkoxide is dissolved in an organic solvent to prepare an alkoxide solution. 
Ceramic particles are dispersed in this solution to prepare a ceramic suspension. Water is added 
into this suspension to hydrolyze the alkoxide mentioned previously to prepare a composite with 
the adherence of the hydrolysis product of this alkoxide onto the surface of the ceramic particles 
mentioned previously. This composite is dried and heated to convert the alkoxide hydrolysis 
product mentioned previously into metal oxide particles. A ceramic composite powder with the 
ceramic particles mentioned previously as nuclei and with the adherence of the metal oxide 
particles around them is obtained. 

Claims 

1 . A method for the manufacture of a ceramic composite powder, consisting of a process 
in which a metal alkoxide is dissolved in an organic solvent to prepare an alkoxide solution, a 
process in which ceramic particles are dispersed in this solution to prepare a ceramic suspension, 
a process in which water is added into this suspension to hydrolyze the alkoxide mentioned 
previously to prepare a composite with the adherence of the hydrolysis product of this alkoxide 
onto the surface of the ceramic particles mentioned previously, and a process in which this 
composite is dried and heated to convert the alkoxide hydrolysis product mentioned previously 
into metal oxide particles, and a ceramic composite powder with the ceramic particles mentioned 
previously as nuclei and with the adherence of the metal oxide particles around them is obtained. 

2. The method for the manufacture of a ceramic composite powder described in Claim 1, 
in which ultrasound is added into the alkoxide solution to disperse the ceramic particles. 

Detailed explanation of the invention 
[0001] 

Industrial application field 

The present invention relates to a method for the manufacture of a ceramic composite 
powder having an electrical function, a mechanical function, a magnetic function and other 
multiple functions in combination. 

[0002] 
Prior art 

Fine ceramics are generally manufactured so that they have specific properties, in other 
words, an electrical function, a mechanical function, a magnetic function, and so on, 
respectively. For example, for ceramics having a mechanical function, a ceramic powder with 
AI2O3 and Zr02 as major components is used in the raw material. For dielectric ceramics, a 



ceramic powder with BaTiC>3 as a major component is used in the raw material. However, a 
ceramic composite powder having various functions like mechanical properties and dielectric 
properties in combination simultaneously has not been developed. Conventionally, a general 
method for the manufacture of a ceramic composite powder of this kind is a method in which 
ceramic raw material powders are weighed according to components so that a specified 
composition is obtained, the various components are thoroughly mixed and homogenized, and 
this is then fired. By this method, in order to achieve a sufficiently homogenized composition, it 
is necessary to repeat the pulverization of the fired material, mixing and firing for several times. 



[0003] 

Problems to be solved by the invention 

However, even if sufficient mixing is achieved by this method, it is difficult to have a 
uniform composition in the micron order of the average particle diameter of the mixture because 
the microfine raw material powder is easily agglomerated before mixing. In order to obtain 
ceramics of an ideally uniform composition, it is desirable to use a ceramic-ceramic raw material 
powder such that a predetermined composition is achieved as a raw material powder. However, a 
method for the manufacture of a ceramic-ceramic composite powder appropriate for such a 
purpose has not been found. 

[0004] 

The objective of the present invention is to provide a method for the manufacture of a 
ceramic composite powder having a composite of a variety of functions in combination 
simultaneously. 

[0005] 

Means to solve the problems 

In order to achieve the objective mentioned previously, the method for the manufacture 
of a ceramic composite powder of the present invention is a method consisting of a process in 
which a metal alkoxide is dissolved in an organic solvent to prepare an alkoxide solution, a 
process in which ceramic particles are dispersed in this solution to prepare a ceramic suspension, 
a process in which water is added into this suspension to hydrolyze the alkoxide mentioned 
previously to prepare a composite with the adherence of the hydrolysis product of this alkoxide 
onto the surface of the ceramic particles mentioned previously, and a process in which this 
composite is dried and heated to convert the alkoxide hydrolysis product mentioned previously 
into metal oxide particles, and a ceramic composite powder with the ceramic particles mentioned 
previously as nuclei and with the adherence of the metal oxide particles around them is obtained. 



4 



[0006] 

The present invention will be described in detail in the following. 

(a) Preparation of a ceramic suspension 

One or more specific metal alkoxides are dissolved in an organic solvent that can dissolve 
them. As alkyl groups of the metal alkoxides, those with 1-20 carbon atoms are included. The 
metal elements include all elements that can be synthesized into organic metals. Na, K, Cs and 
other alkali metals, Mg, Ca, Sr, Ba and other alkaline-earth metals, Ti, V, Cr, Mn, Fe, Co, Ni, Y, 
Zr, Nb, Mo, Hf, Ta, W 5 Re and other transition metals, Cu, Zn, Al, Cd and other metals, B, Si, 
Ga, Ge, As, Se, In, Sn, Sb, Te, Pb, Bi and other semimetals, La, Ce, Sm and other rare-earth 
elements are included. As the organic solvents, alcohols, ketones, benzene, xylene and other 
aromatic compounds and so on can be mentioned. 

[0007] 

Ceramic particles are added and dispersed into the resulting alkoxide solution to prepare 
a ceramic suspension. These ceramic particles consist of micropowders prepared by the publicly 
known pulverizing method or chemical synthesis method. From the aspect of sintering 
characteristics, they are oxide ceramic powders having particle sizes in the submicron region, 
preferably particle diameters 1 jam or less. In order to achieve the objective of the present 
invention, these oxides as the ceramic particles have functions that are different from those of the 
metal oxides obtained through the hydrolysis of the metal alkoxides mentioned previously. The 
concentration of this alkoxide solution and the amount of dispersion of the ceramic particles can 
be decided according to the final application of the composite powder of the present invention. It 
is preferable that the concentration of this alkoxide solution is 0.1-10 mol/L, and the amount of 
dispersion of the ceramic particles is 5-100 wt % with respect to the organic solvent mentioned 
previously. The ceramic suspension can also be prepared by the dispersion of ceramic particles 
in an organic solvent first and then the dissolution of the metal alkoxide in this dispersed 
solution. If ultrasound is added during the dispersion of ceramic particles, this will be preferable 
since the ceramic particles are dispersed uniformly. 

[0008] 

(b) Hydrolysis of alkoxide 

Water is added into the ceramic suspension prepared in this manner to cause the 
hydrolysis of the metal alkoxide. Since the hydrolysis product of the alkoxide is generally [made 
up of] extremely microfine particles of tens to thousands of angstroms, the activation energy of 
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the hydrolysis product is extremely high. Thus, it is difficult to disperse these alone into the 
organic solvent in a stable manner. Therefore, particles of the alkoxide hydrolysis product are 
adhered spontaneously onto the surface of ceramic particles floating in the organic solvent. 

[0009] 

(c) Manufacture of the ceramic composite powder 

By the evaporation of the liquid containing the organic solvent and water from the 
suspension mentioned previously or by the centrifugal separation or the filtration of the 
suspension followed by the drying of the separated material, a composite with the adherence of 
the alkoxide hydrolysis product on the ceramic particles is obtained. If this composite is heated at 
a temperature above that for the decomposition of the metal alkoxide to form a metal oxide and 
under that for the reaction of this metal oxide with the ceramic particles, a ceramic composite 
powder having the ceramic particles as nuclei and having a two-layer structure with the 
adherence of the metal oxide particles around them can be obtained. 

[0010] 

Furthermore, by the repetition of the manufacturing process of the present invention in 
the manner described previously, a ceramic composite powder having a structure of three layers 
or more can be manufactured. 

[0011] 
Functions 

If water is added to a suspension obtained by the dispersion of ceramic particles into an 
organic solution of a metal alkoxide, the alkoxide will be hydrolyzed. The product is extremely 
microfine and has a high activity. Therefore, it easily adheres on the surface of the ceramic 
particles floating in the suspension and also easily forms a metal oxide by heating at a low 
temperature. As a result, a two-layer or multi-layer structure without the occurrence of mutual 
chemical reaction between the ceramic particles constituting the inner nuclei of the ceramic 
composite powder and the metal oxide constituting the outer nuclei can be maintained. 

[0012] 

Effect of the invention 

As described previously, according to the present invention, particles of metal oxide 
which do not undergo a chemical reaction with ceramic particles constituting the inner nuclei of 
the ceramic composite powder during the manufacturing process can be adhered as the outer 
nuclei around the ceramic particles. The functions of respective materials of the inner nuclei and 
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the outer nuclei can be freely selected. In doing this, a ceramic composite powder having 
multiple functions in combination simultaneously can be obtained. 

[0013] 

Application example 

Next, an application example of the present invention will be explained. In 100 g ethanol, 
20 g zirconium butoxide [Zr(OC4H 9 ) 4 ] were dissolved. To this solution, 2 g commercial BaTi0 3 
powder (average particle diameter 0.3 jam) were added. Dispersion was carried out with 
ultrasound to prepare a barium titanate suspension. To this suspension, 20 g water were added to 
hydrolyze Zr(OC 4 H 9 )4 to form a hydrate of Zr. Since this hydrate consisted of extremely 
microfine particles, it adhered on the surface of BaTi0 3 particles floating in the suspension at the 
same time as formation. The suspension containing the BaTiC>3 particles was heated at 80°C for 
one night (16 h) to evaporate the solvent of the suspension for drying. This dried material was 
heated at 400°C for 1 h. The particle diameter of the powder obtained was about 0.6 |im. The 
results of X-ray diffraction showed that it was constituted by BaTiC^ and ZrC>2. 
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